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In  ord~~r (() prrsuc ttw quan(i[a[ivc  rcscwc]] ot)jcctivc  ot AVII<lS, IIK sl)cc[ral,  tid]orl)c[ri( l’ll:lr:lc’tcri~[ic’
of [Iw s(’lls(~r Inusl bc krlown  at [) IL’ titnc 011 Iigt]t ddt:l  acquisi[ior).  A\’l  RIS is I iyorously” caliluatd  in
IIIC lil[x)ril[ory.  lrl addition. (IIILC [irncs tact) year [I]csc  c>l}iilil~[~ris[i~s  ot’ AVII<lS arc val]datd  IIIKN]SII
a n  illfli~’1]1  calibration  cxlx>[imcrl[.  Absolu(c ]tidirrrl~ct[  ic calitjriltiol]  ancl  siyll:ll-[()-n()isc  rc’sul[s  alc
I)lc.scr]l  for IIw it)lli:ll[  calibratiorl  Ckpclirtlcrlt  ()[L’t]c’SlriltC(l  irl I W? ;11](1 1993.

1.0 Ititrmloction

AVIRIS ~va~ dcvclo[ml  to puIsuc (Iual]titative IcscaIL’11  of’ tll(> IlaI[lI’s k>llt>s!lial  surface  aIId atrl]mplwlc.
i’ror])  calil)[  atd :Um]cll ically cohc]c’nl  s}>ccllol:l[lio]]lc[r”  ic IIlcawrc]nerlts,  Jr] corltlasl  [(~ a broadtmrd
scnso[, all irna~ing  sf)cctm]llc[c]-  Icsolvcs  llm rllolc.cular  absorlltion”  ard par~iclr sca[[crir!~ siyrlat[lrcs  o f
wr lace ald atlnosphcr  it conslilmnls.  }:]-oril  irllag,ins  s]x’ctlorlm[cr rllc:lsllrl’r]lcr][s,  cor]stltuc]lh  alc
trrl:lll]t)i~:liol]sly  idcrl[ificd  and tlw abuildaucc  is dctelll~incd.  As :irl  cxaml)lc of AVIRIS d:ita,  tl]c
cornbincd s}>cctral  and spatial cllaraclcr  istics of AVIRIS arc sltowl]  irl Slide I wit]] an ir[lasc  acquired
over Moflct[ l:icld inclmlinp, tllc soutlw]-11  part of the San l;rancisco  ]lay,  (’alifo]llia.

To actlicvc tl]c quantitative rcscarcl)  (rI)jcctivcs  of tlm AVIRIS sctlsor,  tllc calibration] of AVIRIS Tllust
bc valid wl]ile  AVII<IS is acquirin:,  data fro]ll IIW NASA 1;1{-? airctaft. ‘1’tlc opcra[ional  cllvironllmrlt
insi(le  [hc Q-bay of (tm llR-2 at 20 kn] altitude differs from tlia[ in tlw AVIRIS laboratory in
tcll~llcratulc, plcssurc.  vibration and hip,h frequency elcctrwna~nctic fwlds.  AVIRIS is calibrated in tllc
latmatol  y prior to cacl I flight scam)  (Ct)ricn,  1 990). ‘1’0 validalc. ctlaractcr  i?c ar]d  tllorlitor  Illc
calibration ml pcrfor-rwrncc of AVIRIS in tlw tli~l)t  environment, infli~,tl[  rcflcct:irlcc-t):i~c(l  caliluatiorl
cxpcrimenls  osinp,  ~[ound targets are routirlc]y  car] icd mt al tllc bc~, innirlg,. ]i]iddlc aIId crd of cacl)
flight scaso]l  (C’one] et al., 1988;  [irccn  ct at., 1988;  C;Iccn ct al., 1990;  (irccri et al., 1992). ‘1’tlc
AVIRIS results fol  inflight  calitmtion  cxpcrimcnts  in 1992 and 1993 arc i)rcscrltcd irl t}]is  ~ml)cl.

2 .0  AV1l<IS II] flip,ht (hlibratio]) ltxpcrin]el)t

At the bc~inning of [IIC 1992 an(i i 993 opc.rationai  pcrio(is,  infligi]t  caiibl-ation  cxi)crilncnts  were ilci(i
at l<o~,  m IJry 1 .akc, (hiifrrn]  ia. AI IIIC tiloc of tlIc AVIRiS ovcrf]ight  tile surface rcflcctancc and
atriwsl)lw]c  I)ropcr ties wcle Incasu]cd wittl  flcici  irlsh ulllcnts  for a caiibratiml  target 011 tlm
lmr[qcncous  (ily iakc bed. TiIc surface rcficctarrcc of tl]is  targ,el  was cimractcri7c(i  witil ?()
]ncasorcmcnts of a spcciflc 2(K) ]r~ by 40 m area or) tile lake bed. “I”tlc rcsuiting  stan(iard  dcviatiml  of
tile rncarl of tiwsc nw:isurcmcnts  for the calibration target is less timn 0.5 pcrccnt  rcflcctancc actoss tilis
spcclral intcrvai.  “1’tlc [c flectancc  of tlw calibration tar:,ct II]c:isurcd  in i W? is givcll  in };i~,urc  1.

‘1’0 cilaractcl-i~e  (hc atnmsphcrc,  solar irrwiiancc  rmaw]crlwnls  were ac(iuilc(i witil a stabic  soiar
radiotnctcr (llrucg~c c1 ai., i 990) from suririsc  tl]rougi]  iocai solar noon in tcn (iisclctc  s~wctrai
ct]anrwis  in tl]c rany flom  3-/0 to 1050 nnl.  1 Mla frolll  nine of tilcsc chanrlc]s  wcic LIscci  to cslil]mic
tile atrllosi)lwric  opticiii  (iei)til  by tllc l.arl~lcy  tcct]rliquc  at ttlc tinw  of tile AVIRi S ovcrlligtlt.  IXita
fro]ll  tile cilallnei  centered at 940 nm of this ra(iiornctcr  were use(i to cstirlldtc  tile tolai  columrl  witcr
vaimr  dur ins tllc AVIRIS data  :icqukitiml  (Rcagari  cl :il., 19S-/; Ilrucgyc  Ct al.,  1990).

‘i”hc surface rcftcctancc, oi>ticai  (ici)lil  an(i  tvatcr vaimr (ictcrlllirmtion  w’crc osc(i to corlstrairl  Iilc
MoiY1’l<AN r:i(iiativc  transfer code (Ilerk ct al., ] 9.S9). “J’tlc MOI)-l’}{AN  cmic prcxiictd  ra(iiancc
s{rctrurl~  at tl]c AVIRIS iipcrturc  is corn]  ):ilcd  with  AVIRi S sensor rqmrtd radiance. ‘1’tlis  scnsot
r~’~mlc(i rwii:incc  is traced  to tile laboratory in:i(iiarlcc  iarni) ald orlbom(i  cniibrator  (Cir~’cn,  1 993).

h40iN”l<AN has been ]Imdif]cd to aiiovr: 1 ) irlciusion  of tlw rt~casulccl surface rctlcct:incc. 2)
cons[r;iint  of the h401)2’RAN  atrnospi]cric mo(ic]s witil IiIC rlm:isurc(i  optical cic}]ti~s,  an(i 3) (iircct
constraint of MOIYi’RAN \vitil tile measured water vapor alnount. irl :i(i(iition, all  u~xiatcd hi$,ii
sl)(x’tlai  rcsoiutior]  solar ir[diance Six’ctrul]l  (Grccrl :iTKi (iao, I 993) ilas bccrl  irlc-or~)(mtcd in tl]c
rll(dit’tc(l  h4(JI)-1’l{AN  CWic.

3.0 Ra(iiomc[ric  [;aiii)ra!ion

‘1’IIC  M()])-]”RAN pr-cdictcd  r:idiance and AVik!i S rlwa~ilr~d  radiafwc  s[x’ctra for tile cx[x’r illwnt iK-’i(i  (M1
tile 30tt] of hl:iy 1992 is ::ivcrl in };ig,um  2. ‘1’llc rllc:in  absoiulc :igrccmcr)l cxciuding  tlw regions of



4 .0  Spcclrnl  (:;llihratio[l

‘1’t]r(mgll  arl;llysis ol tlw :l[rl~osl~llcric  atw)t~)[i(m bards  nwa$urcd ir] (IK AVIRIS slwc[r Ltrrl, tt]c infligl]t
sIutr~ll  c’alit)tation  of’ A\TIl<l S nldy bc dctcl]]lincd (Circcr]  ct al.. I!)8S: (; ILTI1 L’[ ~11., ]ggo). ‘] ’his
:Ill:llysis  ll:ii  twcn C: III icd OU[ 1(M [tw ualitmtition cxpcrirllcllt~  011 3(htl of h4;ly :Irlti 9[[) ot’ (k(otwl 1992.
I(M tlm 3(ht~ 01 hlay,  tl]c tour AVIf/l S slwctlo]l~ctc[s  sllowcd :1 tx>[[cr ttmri 1 nrll  a~rce]lwllt  twtwccn ttm
liit)(~rd[ory  s]wclldl  calit)ru[i(~n  iiid [hc illftigt]t  (tc[crlllir]:tlioll.  oil  ltlc 9[tl 0! oc[obcl l]oivcvcr.  a ?.4
rlt]l s}lifl  ir] It]c }1 sl)L\ctloll]ck’]  Slwctr:ll  c;llit~latiorl  W;IS Tllcasurd, ‘1’llis  sl]itl is likely related to ttlc
fltw] to s}wclror])clcr”  corlrlcc[ioll.  ]r] 1993 a n  ]rl)[)rovc(l  co]lrwc[(]r  wa~ I])s[allcd  fcM  alt AVIRIS
sfwclIO1nclc]s.  1[ i s  rcLwnlnlcndd  tlla[ ttlc S[)CCll iii.  C;lli~)lilliol)  0 1  ttw  II S[x’c[lotnetcl  [w slliltc(i  -  ?.4 rllr]

if’ rcqutlcd f(~l [Iw p]qxwd  data arialysis.  It is wol[tl  rl(ltil]~, tt];l[ AVII{IS WI;I< (Jripirlally  dcsi~,lld to
a S[)(’cll ill awlllacy  of .$ 1)11).

1:01 IIw I 8 h4ay 1993 infligt]t  calitmdlion  cxl)crirl]ent  tllc spcclrill  calibration irt atl four  sf)cclroll]clcrs
lvas dclcl Irlirlcd  to :i~rcc witt] ttw Iatmrator y mc:isurcrl]cnts  ;il tmt[cl Iimr]  0,5  ntn.

S.()  A\’lltl  S l)ata ]’rccisiotl

l;O1 tl]csc cxIx’litlwrlts  ir] 199? and 1993 tllc infligtlt prccisior]  wa$ dc[crlllild  based on Variatiorl in
tl]c si~,l]al  frorl~ a lm]llo~,cr]cous  porlinrl  of I{ogc]s  lhy l,akc.  This precision  is prcscnld  as siglnal. to
noise irl l:ip,Llrt> 4. ‘J’hcsc sigt]al-twnoisr  I)lo[s  }IHVC bcclt scaled to tlw AVIRIS rcf’c]cnce radianm
((;rc’cr)  ct al., 1 98X)  to :illmv direct conlpdrison, lr] };i~ure 5 tlw I)lccisiorl is I)rcscntcd  for 1992 and
199.3 as noise equivalent (iclta radiance. In cacti  of these years AVIRIS vastly  cxcccdcxi  tlw original
sigll:ll-tf)-]wisc  )cquirc]llcl]t  fm tttc scr]sm.

6.0 Conclusion

l]i  1 W? aIKi 1993  tllc calibraliml  of AVIRIS wa~ v:ilidatcd for tile scrmr inflig]]t thloup,tl  a series of
f]ckl  Cxlmri]iwnts.  }Iawd  ml tilcsc cxinril]wr]ts, ttlc abso]L]te  Iadiornclric’  c:ilibraliorl  of AVIklS is
stmwll  to bc arq)r(mcllill~, 5 pcr~.cnt,  in 1992 a spcctlal stlift of -?.4 nrn tms bcctl idclltifmt and is
cdsi]y  concclcd  by sl]ifting  ttlc 11 Spcctromctc]  spcctlal calibration. Irl 1993 ttlc ir]ftigllt slrctral
calit)latio]l  is follld  to Ccrllcspold to ttm latmatoty  dctcr]llirlaliorl.  I’larls arc ull(icr  dcvcloprllcnt to
pusl! [tm radiolllct[  ic Calit>l:ltiorl of AVIt.!l S to 2 pcrccnt and Slxxlra] Ca]ibratioll  [0 (). ] nrn. ‘1’hc
curicnt  arl[i  pl:inncd quality of rdiomctric  and slwctral  calibration is rcquircxl for tlw quantil:ilivc
al~o]itlll]is  l)cirl~,  pro}mscd  :ild tested with AVIRIS datti.
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l;igurc  2. Corlip:ll  ism of [IIC h4C)l)’1’1{AN-l~ rc(lictc(l ard AV1}<l  S-rllctl$tlrccl  r:di:irlcc for (1IC infliglit
u:llibr:l[iwi cxpcrirncnt  held or]  ttw 30ttl  of h4ay 1992.
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10.0 sIJII)lt

is a color  colnpositeS l i d e  l o .  AVIRIS CO1OI irt]agc CUIX  of M{)ffc[( l~ic]d, (’a]ifrrr[lia. ‘1’IIc  tol~ parlc]

of [Iwcc of IIIC 224 AVIRIS spcchal  cllanncls. ‘1’hc side p:incls Im[ray  tllc 224 slwtral  ri]casurc;t]cnts
acquired for caclI spatial sarllplc.


